INTRODUCTION
The oyster, C. ariakensis (Fujita & Wakiya, 1929 ) is distributed along the estuary of the Seomjin River and Wando, Jeollanam-do, Korea. More specifically, in Korea, this species is mainly found at the mud including silty and clay around the rocks in the intertidal and subtidal zones, However, in connection with the recent sharp reduction in its standing stock by reckless overcatching and environmental pollutions, it has been noted as a regional target organism that should be managed for the conservation of natural living resources. Particularly, studies on repro-ductive stratege of this species are supposed to be one of the most important tasks for the propagation of natural resources.
To date, ten oyster species in Ostreidae in the subclass Pteriomorphia were reported in Korea. Regarding reproduction of C. ariakensis, there are only one report such as spermiogenesis of spermatids and the ultrastructures of spermatozoa (Kim, 2001) . Recently, sperm ultrastructures have been used as a tool in assessing taxonomic problems and phylogenetic relationships in the Metazoa through the use of spermiocladistic analysis (Jamiesen, 1987 (Jamiesen, , 1991 .
Recently, sperm ultrastructure has been used successfully as an aid in the examination of the phylogeny of bivalvia (Popham, 1979; Bernard & Hodgson, 1985; Healy, 1983; 1989; Healy & Lester, 1991) . Daniels et al. (1971) suggested that comparative ultrastructure of oyster spermatozoa might be taxonomically useful because morphological differences between taxa could be found.
Although spermatogenesis and mature sperm ultrastructures have been described in some Ostreidae species in the subclass Pteriomorphia (Daniels et al., 1971; Popham, 1974 Popham, , 1979 Healy and Lester, 1991; Sousa and Oliveria, 1994; Eckelbarger and Davis, 1996; Kim, 2001; Kim et al., 2010) , little information is available on spermiogenesis and mature sperm ultrastructures associated with taxonomic problems and phylogenetic relationships of the oyster in the Seomjin River, C. ariakensis.
Above all, it is very important to clarify some differrences between ultrastructures of mature spermatozoon associated with the nucleus, acrosomal vesicle and the number of mitochondria. In addition, appearance of an axial rod (substructure) and the satellite fibers should be confirmed. The pupose of the present study is to clarify the some ultrastuctral charateristics of spermatids during spermiogenesis, and also to confirm phylogenetic relationships of the oysters using the sperm ultrastructures of C. ariakensis and other closely related oyster species within Ostreidae in the subclass Pteriormorphia. Therefore, it needs to clarify the appearance of the number of transverse bands (as the substructure) on the acrosomal vesicles of mature sperm of this species.
MATERIALS AND METHODS

Sampling
The specimens of C. ariakensis, were collected monthly in the intertidal and subtidal zones at the estuary of the Seomjin River, Chollanam-do, Korea, for one year from January to December, 2007. A total of 144 male oysters were used for transmission electron microscope observations. 
Transmission electron microscope observation
1) Spermatid stage
Spermiogenesis occurs in the spermatids. For convenience, spermatid stage could be classified arbitrarily into two stages: the early and late stages. In the early stage of spermiogenesis, the nuclei (about 2.7-2.8 μm diameter) of spermatids (3.6-4.1 μm) is spherical and occupies the center of the cell. contain heterochromatin materials in the nucleus.
During spermiogenesis, the external morphology of the spermatid nucleus gradually changes during the differentiation of the spermatids. Consequently, the morphologies of the spermatid nuclei are laterally wided, and one or a few granules were formed by the Golgi complex in the cytoplasm of the spermatid (Fig. 1A) . And a few granules formed a large proacrosomal vesicle (Fig. 1B) , a proacrosomal vesicle migrated to anterior end of the spermatid (Fig. 1C ), where they coalesce to form a single electron-dense proacrosomal vesicle (Fig. 1D) . A single acrosomal vesicle locates at the anerior pole of the spermatids (Fig. 1E ).
In the late stage of spermiogenesis, the acrosomal vesicle is initially oval in shape but gradually assumes modified caplike form with a slightly pointed anterior nuclear fossa and a sharply invaginated posterior nuclear fossa. At this time, the acrosomal vesicle and an extensive deposit of subacrosomal (extravesicular) materials. At this time, the satellite fibres appeared near the distal centriole under the nucleus and spherical mitochondria (Fig. 1F) . Two components of the acrosomal vesicle can be recognized: the processes of acrosomal vesicle formation are very complex. The acrosomal vesicle is membrane bound, consequently, become modified cap-like form by various morphorphological changes. The acrosomal vesicle is gradually changed to oval in shape and the anterior nuclear fossa of laterally wide nucleus is deeply invaginated, and then the space is occupied by subacrosomal materials. Anteriorly oval nucleus is deeply invaginated, however, posterior nuclear fossa is not deeper than that of anterior nuclear fossa. A longitudinal flagellum is connected to the distal centriole near two large sherical mitochondria in the sperm midpiece. The satellite fiber is located near the distal centriole under the nucleus and spherical mitochondria (Fig. 1G) .
2) Spermatozoon stage
The morphology of the spermatozoon of C. ariakensis and vary among the species in a family (Healy, 1995; Kim et al., 2010) .
Early investigations of bivalve sperm ultrastructure demonstrated the taxonomic value of comparative studies ( Galtsoff & Phillpott, 1960; Franzen, 1956; Popham, 1979) , and such studies are widely used in taxonomic analyses (Hodgson & Bernard, 1986; Healy, 1988 Healy, , 1995 Healy, , 1996 .
The primitive sperm show sufficient structural variability that they are useful in taxonomic studies (Kim et al., 2010) .
In general, morphology of ostreid sperm shows broad, modified cap like acrosome, extensive subacrosomal deposit materials (the appearance of an axial rod), oval nucleus, four pericentriolar mitochondria (Healy & Lester, 1991; Kim et al., 2010) .
In this study, as seen in the morphology of spermatozoon Results of the present study support the sugestion of Daniels et al. (1971) that sperm ultrastructure may be of taxonomic use in the Ostreidae. Therefore, compared with most structures and morphologies, spermatozoa of C.
ariakensis closely resemble those of other investigated ostreids (Daniels et al., 1971; Osanai & Kyozuka, 1982; Healy & Lester, 1991) .
In this study, the acrosomal contents have a relatively uniform electron density. In case of Ostreidae species unlikely other family of bivales, the nucleus of the spermatid become wider than long, and a finely granular subacrosomal materials are present in the anterior invagination region of the nucleus. It is one of special characteristics of spermatozoa of Ostreidae species.
Regarding a central filamentous axial rod, in this study, the subacrosomal matterial contains a central filamentous axial rod composed of anterio-posterior-oriented filaments as seen in the family Ostreidae species of the subclass Pteriomorphia.
The taxonomic value of sperm morpholgy at the level of species or genus in the Ostreidae will be determined only through a broad, comparative study. In this study, the anterior region of the acrosomal vesicle consisted of alternating electron dense and electron lucent bands. In particular, the acrosomal membrane in the acrosomal vesicle exhibited high electron dense opaque region. while two or three bands are present in the anterior region of the acrosomal vesicle which was exhibited electron-lucents whorls. A similar whorled substructure might also occur in acrosomes of C. virginica, through the micrograph presented by Daniels et al. (1971) were not detailed enough to Appearance of the axial rod (AR): Existed in subacrosomal materials (SM) in the anterior nuclear invagination on the sperm nucleus (N) in Ostreidae. Appearance of the satellite fibres: exists near the distal centriole and mitochondria in Ostreidae. Therefire, it belongs to the subclass Pteriomorphia. (Present, 2014) Appearance of the satellite fibres: exists near the distal centriole and mitochondria in Ostreidae. Therefore, it belongs to the subclass Pteriomorphia. (Kim, 2001) Appearance of the satellite fibres: exists near the distal centriole and mitochondria in Ostreidae. Therefore, It belongs to the subclass Pteriomorphia. (Kim et al., 2010) confirm this. In this study, two transverse bandings (stripes) appeared in C. ariakensis. However, two or three transverse banding appeared at the anterior region of the acrosomal vesicle in C. gigas (Kim et al., 2010; Kang et al., 2012) . In addition, Healy & Lester (1991) reported that three to four horizontal bandings appeared at the anterior region of the acrosomal vesicle in S. commecials as a feature of the genus Saccostrea. Hodgson & Bernard (1986) and Healy (1989) stated that different subclasses of bivalves each have unique acrosomal morphologies, and the number of mitochondria in the sperm midpiece tends to be stale within any family or superfamily varying from a maximum of 14 in the mytilord Modiolus difficilis (Drozdov & Reunov, 1986 ) to a minimum of 4 (common to many bivalve families) (Healy, 1989 (Healy, , 1995 .
In this study, the number of mitochondria at the midpiece of the spermatozoon are four, and satellite fibres are found, as seen in C. gigas (Kim et al., 2010 ) and in C.
nipponica (Kim, 2001) . Judging from the resuts on the ultrastructure of mature spermatozoon, it is supposed that this species belongs to family Ostreidae in the subclass Pteriomorphia because the spermatozoon of this specis has special structural charateristics of the acrosomal vesicle containing an axial rod appeared between the acrosomal vesicle and the anterior nucleus fossa, and satellite fibres near the distal centriole and spherical mitochondria.
